Abstract. Internal friction of the deformed and hydrogen doped a-Fe shows three peaks near 130K, 170K and 330K at 1 Hz. The 130K and 170K peaks are hydrogen cold work peaks and the 330K peak is a y-peak. Activation energies of 0.22 eV and 0.35 eV were obtained for the 130K and 170K peaks, respectively. The 130K peak may be due to the interaction between nonscrew dislocations and hydrogen atoms and the 170K peak due to the interaction between nonscrew dislocations and aggregated hydrogen atoms on the nonscrew dislocations. Electrolytic hydrogen charging experiments indicate that the dislocation structure alters during the charging.
Abstract. Internal friction of the deformed and hydrogen doped a-Fe shows three peaks near 130K, 170K and 330K at 1 Hz. The 130K and 170K peaks are hydrogen cold work peaks and the 330K peak is a y-peak. Activation energies of 0.22 eV and 0.35 eV were obtained for the 130K and 170K peaks, respectively. The 130K peak may be due to the interaction between nonscrew dislocations and hydrogen atoms and the 170K peak due to the interaction between nonscrew dislocations and aggregated hydrogen atoms on the nonscrew dislocations. Electrolytic hydrogen charging experiments indicate that the dislocation structure alters during the charging.
1. Introduction. The hydrogen cold work peak (H-CWP) of a-Fe has been studied using internal friction (IF) [1,2] and magnetic after effect [3] techniques. In most previous studies hydrogen was introduced by electrolytic charging in acids at room temperature, and the H-CWP was observed near 130K at 1 Hz. However, we found another distinct peak near 170K at 1 Hz using a discharge methodL41 which enables us to dope hydrogen from room temperature to below lOOK and reported that there exist two H-CWPs [51. The conditions of the appearance of the peaks are confirmed and a model for the 130K peak is proposed. 2. Experimental Procedures and Specimens. The specimens were wires 0.65 mrn in diameter and 100 mm in length of MRC pure polycrystal iron containing about 20 wt ppm metallic impurities. The specimens were purified by heating in pure hydrogen gas 161.
IF, Q -~, and frequency, f, were simultaneously measured from 78K to 400K at a strain amplitude of 3 x low6 by an inverted torsion pendulum near 1 Hz in an axial magnetic field of 100 Oe.
The specimens were deformed 3%5 % in tension, mounted on the apparatus and deformed in torsion slightly near 300K before hydrogen charging. Some specimens were in situ deformed 2 % in torsion additionally near 150K after hydrogen charging.
Two hydrogen charging methods were employed: an electrolytic method (1mA % 300mA) and a discharge method (20pA % 1mA) [51 .
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1981516 o t h e r e f f e c t s t h a n hydrogen dope, t h e c h a r g i n g was done on t h e apparat u s w i t h o u t dismounting t h e specimen. R e s u l t s a r e shown i n F i g . 1.
Peaks grew and s a t u r a t e d a f t e r t h e 8 t h r u n .
During t h e c h a r g i n g a t lOmA f o r 3 h b e f o r e t h e 8 t h r u n , a z e r o p o i n t s h i f t o f t h e pendulum
( s h e a r s t r a i n of a t t h e specimen s u r f a c e ) was observed i n t h e i n v e r s e d i r e c t i o n of t h e t o r s i o n a l deformation of t h e specimen.
3-2. A n a l y s i s . The I F maxima i n F i g . 1 a r e decomposed i n t o tow peaks a s shown i n F i g 2 ( a ) by a computer f i t t i n g . Each component c a n be d e s c r i b e d by f o u r p a r a m e t e r s : r e l a x a t i o n s t r e n g t h , peak t e m p e r a t u r e , a c t i v a t i o n e n e r g y , and 6 p a r a m e t e r . The f3 parameter i s a measure of
t h e width o f a Gaussian d i s t r i b u t i o n i n l o g a r i t h m i c r e l a x a t i o n t i m e s [71. W e p u t two assumptions: (1) A p l o t o f l o g a r i t h m i c background v s .
T -~ i s l i n e a r ; ( 2 ) A c t i v a t i o n e n e r g i e s f o r two peaks a r e 0.22 eV and
eV, r e s p e c t i v e l y ( F i g . 4 and 5 ) . R e s u l t s a r e summarized i n F i g . 2 ( b ) .
3-3. I n s i t u deformation a t 150K and hydrogen c h a r g i n g from 300K t o 150K. A f t e r hydrogen c h a r g i n g a t 300K, t h e specimen was deformed 2 % -i n t o r s i o n on t h e pendulum a t 150K and c o o l e d t o 78K, and two measuri n g r u n s ( t h e 3rd and 4 t h r u n s i n F i g . 3 ( a ) ) from 78K t o room tempera t u r e were done. The IF spectrum i n t h e 3 r d r u n shows no d i s t i n c t peak and t h a t i n t h e 4 t h r u n shows a w e l l developed peak a t 175K w i t h a s u b s i d i a r y peak around 130K. The modulus d e f e c t around 250K i n t h e 3 r d r u n i s t h e same a s t h a t of t h e hydrogen f r e e specimen a f t e r t h e low t e m p e r a t u r e deformation [ 6 ] and it i s r e l a t e d t o t h e p o i n t d e f e c t s g e n e r a t e d by t h e 150K deformation.
The 5 t h r u n i n F i g . 3 shows t h e IF spectrum a f t e r t h e c h a r g i n g from 300K t o 150K. The s u b s i d i a r y peak around 130K i n t h e 4 t h r u n i s s u p p r e s s e d .
The IF spectrum and t h e modulus curve i n t h e 6 t h r u n a r e i d e n t i c a l t o t h o s e i n t h e 4 t h r u n below 300K. These r e s u l t s i n d i c a t e t h a t t h e e x c e s s hydrogen charged between 300K and 150K by t h e d i sc h a r g e method escaped from t h e specimen d u r i n g t h e warm up t o 295K i n t h e 5 t h r u n .
The 330K peak i n t h e 6 t h r u n i s y-peak.
A f t e r h e a t i n g up t o 395K, t h e H-CWPs d i s a p p e a r due t o t h e hydrogen o u t g a s s i n g [ 2 , 5 ] . A s shown i n F i g . 1, t h e 130K peak i s w e l l developed and 3-5. Aging e x p e r i m e n t s f o r t h e 130K peak. F i g u r e 6 shows t h e r e l a t i o n between t h e peak h e i g h t and t h e peak t e m p e r a t u r e o f t h e 130K peak F i g . 3 ( a ) : I n t e r n a l f r i c t i o n and modulus s p e c t r a of a -i r o n deformed 3 % i n t e n s i o n and 0 . 1 % i n t o r s i o n n e a r 300K.
3-4. A c t i v a t i o n p a r a m e t e r s f o r t h e 130K and 170K p e a k s . The 170K peak ( t h e 4 t h o r 6 t h r u n i n F i g . 3) a f t e r t h e 150K deformation i s s t a b l e f o r t h e h e a t i n g up t o 300K and e n a b l e u s t o measure a c t i v a t i o n

t h e 170K peak i s s u p p r e s s e d by t h e e l e c t r o l y t i c c h a r g i n g . I n such c o n d i t i o n s , A r r h e n i u s p l o t f o r t h e 130K peak was o b t a i n e d . A c t i v a t i o
(1) A f t e r a g i n g a t 395K f o r 10 min; ( 2 ) A f t e r hydrogen c h a r g i n g a t 200 yA f o r 1 h a t 300K; ( 3 ) + 2 % t o r s i o n a l d e f o r m a t i o n a t 150K; ( 4 ) A f t e r ( 3 ) ; ( 5 ) A f t e r hydrogen c h a r g i n g from 300K t o 150K. ( b ) : ( 6 ) A f t e r ( 5 ) ; ( 7 ) A f t e r ( 6 ) .
A r r h e n i u s p l o t f o r F i g . 5 : Arrhenius p l o t f o r t h e 130K t h e 170K peak.
peak.
(1) A f t e r hydrogen c h a r g i n g ; ( 2 ) A f t e r p a r t i a l o u t g a s s i n g . The i n s e t shows t h e 130K peak n e a r 0.38Hz. a f t e r s u c c e s s i v e a g i n g s a t 295K. It should be n o t e d t h e t h e curve i n F i g . 6 h a s a f i n e s t r u c t u r e . ( P l ) and t h e 170K peak (P2) a r e due t o t h e i n t e r a c t i o n between hydrogen atoms and nonscrew d i s l o c a t i o n s [ 5 ] .
Discussion. From t h e e l a s t i c modulus measurements on t h e specimens charged w i t h hydrogen u s i n g t h e d i s c h a r g e method, it has been concluded t h a t b o t h t h e 130K peak
The a c t i v a t i o n energy f o r P2 i s h i g h e r t h a n t h a t f o r P1. When t h e e x c e s s hydrogen i s doped a t low t e m p e r a t u r e s , P1 i s suppressed a s shown i n F i g . 3 ( a ) . These e x p e r i m e n t a l r e s u l t s s u g g e s t t h a t P1 i s due P1 grew and i n c r e a s e d t o t h e w e l l developed peak; P2 grew and dec r e a s e d w i t h i n c r e a s i n g t h e t i m e of t h e e l e c t r o l y t i c c h a r g i n g ( F i g .
( b ) ) . The z e r o p o i n t s h i f t observed b e f o r e t h e 8 t h r u n i n d i c a t e s t h a t t h e d i s l o c a t i o n s move and t h e d i s l o c a t i o n s t r u c t u r e changes s l i g h t l y d u r i n g t h e c h a r g i n g .
The d e c r e a s e of P2 and t h e i n c r e a s e of P1 obs e r v e d a f t e r t h i s l a r g e z e r o p o i n t s h i f t may be r e l a t e d t o t h e change o f d i s l o c a t i o n s t r u c t u r e . The a l t e r a t i o n of t h e d i s l o c a t i o n s t r u c t u r e F i g . 7 : R e l a t i o n between t h e peak h e i g h t and t h e peak temperat u r e o f t h e 130K peak.
(Model c a l c u l a t i o n ) .
F i g . 6 : R e l a t i o n between t h e peak h e i g h t and t h e peak t e m p e r a t u r e of t h e 130K peak d u r i n g s u c c e s s i v e a g i n g s .
The s e r i a l numbers show t h e e x p e r i m e n t r u n s .
depends on t h e c h a r g i n g c o n d i t i o n s : t h e c h a r g e c u r r e n t d e n s i t y , t h e c h a r g e t i m e ( c f . F i g . 2 ( b ) and [2] ) .
. Model. Schoeck model [8] w e l l i n t e r p r e t s t h e b e h a v i o r o f CWPs i n
BCC m e t a l s b u t c a n n o t e x p l a i n t h e i m p u r i t y c o n c e n t r a t i o n dependence of t h e r e l a x a t i o n s t r e n g t h . A One o f t h e model c a l c u l a t i o n r e s u l t s i s shown i n F i g . 7. The c u r v e i n F i g . 7 a g r e e s s u f f i c i e n t l y w i t h t h a t i n F i g . 6 .
